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ABSTRACT 
Cholic acid derivatives, because of their unique structures and biological 
compatibility, are potentially useful in a range of applications as therapeutic agents, 
antimicrobial peptide mimics, and building blocks in supramolecular chemistry. Herein, a 
rapid, modular synthesis of facial amphiphiles from cholic acid is described. The synthesis 
offers a systematic way to vary the hydrophile-lipophile balance of cholate derivatives. A 
synthesis of 3-a imidazole cholate derivative is also described. If assembled on a covalent 
scaffold, the resulting molecules would catalyze acyl-transfer reactions. 
A dendric molecular basket was found to form areversed-micelle-like basket 
conformation, which could enrich DMSO in the cavity from a mostly nonpolar solvent 
mixture. DMSO-enrichment by cholates is a cooperative phenomenon, all six cholates work 
together to enrich DMSO. These molecules are potentially useful in molecular recognition 
and enzyme mimics. 
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1. GENERAL INTRODUCTION 
1.1. Cholic Acid Derivatives and their Functions 
Bile acids have important physiological properties that derive from their unique 
structures.l Cholic acid (3a, 7a, 12a-trihydroxy-5~3-cholanic acid, 1.1), one of the most 
abundant bile acids in the human body, is a biosurfactant involved in the digestion of dietary 
fats.2 A crucial feature of the steroid backbone is the cis fusion of the A/B rings (Figure 1 a). 
With the carboxylate group as the ionic head group, it resembles a classical `head-to-tail' 
surfactant. However, it also has two distinguished faces: a hydrophilic a face consisting of 
three hydroxyl groups pointing in the same direction and a hydrophobic ~ face made up 
entirely of hydrocarbon facing the opposite direction. Because of such a distribution of polar 
and nonpolar groups, cholic acid is considered to be a `facial amphiphile'3 (Figure lb). 
a) 
HO'~ 
b) 
OH 
OH 
1.1, Cholic Acid 
..!r '►lC~L VIC'.11V 
R face 
oc face 
~C.ittt]t11 Vl~W 
Figure 1. a) Molecular structure and b) Space filling models of cholic acid (1.1) 
OH 
2 
Cholic acid derivatives, as the main ingredients of bile salts, have important 
physiological and biological functions. They help solubilize fats and cholesterol by forming 
mixed micelles with lecithin.4 Also, they do not denature proteins easily due to their rigid 
structures.s_g Cholic acid is an intermediate for the production of ursodeoxycholic acid, which 
is used in the dissolution of gall stones and the treatment and prevention of liver disease. 
Cholic acid deviratives are also potential therapeutic agents useful in lowering cholesterol 
and assisting the absorption of polar drugs.9-is Cationic cholates were also found to mimic 
antimicrobial peptides16-ao as antibiotics not susceptible to bacterial resistance.21-a3
In addition, cholic acid derivatives have many applications in ion transport, 
combinatorial chemistry, vesicle fusion and the improvement of membrane permeability.24-Zs
For example, Regen and co-workers synthesized a series of ion conductors from cholic acid 
derivatives with methoxy, hydroxy, carbamate, or sulfate groups on the hydrophilic face (1.2) 
to promote the passive transport of Na+ across phosphatidylcholine membranes.as
OR 
~ .2 R = H, CH3, CONH2 or S03Na RO 
Gude et al. synthesized a molecular scaffold with three independently-addressable, 
rigidly-positioned functional groups (1.3). The compound potentially could be useful as a 
platform for combinatorial libraries.26 Davis et al. synthesized a functional mimic of 
3 
amphiphilic fusion peptides from cholic acid, with a lipophilic tail (1.4), and found it to be 
exceptionally good at promoting non-leaky vesicle fusion, as well as human cell 
transfection.27 It was also demonstrated by Savage and co-workers that appropriate 
arrangements of primary amines or guanidine groups on a cholic acid scaffold (1.5) could 
produce potent sensitizers of Gram-negative bacteria.28
NHAlloc 
R= 
OR 
1.3 R = OCH3 or OC2oHa~ 
OR 
OR 
NH2
NH2
~~ NMeBn 
NH 
N~NH2
H 
H 
~N~NH 2
NH 
1.5 
1.2. Applications of Cholic Acid Derivatives in Supramolecular Chemistry 
1.4 
Cholic acid, because of its commercial availability, is also a popular building block in 
supramolecular chemistry.a9-38 For instance, cyclocholate (1.6) with different functional 
groups was reported by Dias and co-workers.32 These compounds have different lengths of 
the 17-side chain and adjustable cavities to bind polar molecules different in size. 
4 
1.6 
0 R~ R2 m n 
(CH2)n H OAc 2 2 
H OAc 3 2 
OAc OAc 3 2 
m OAc OAc 3 1 
OAc OAc 4 1 
H OH 2 2 
Davis and co-workers reported a macrocyclic organic receptor (1.7) that had a 
lipophilic exterior and a rigid framework to maintain a binding cavity and limit the 
possibility of intramolecular H-bond formation.39-42 More complicated cyclocholates with 
additional functional groups were also synthesized, such as the "molecular bowl" (1.8) 
reported by Bonar-Law et a1.43 This molecule had a metalloporphyrin on one face of a 
tetrameric cyclocholate, and selectively bound morphine by a combination of nitrogen-metal 
ligation and hydrogen bonding. 
1.7 
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A "molecular umbrella" 1.9 bearing a hydrophobic agent was synthesized by Regen 
and co-workers.44-49 The molecular umbrella could shield hydrophobic "stem" from a 
hydrophilic environment, but expose the "stem" in a hydrophobic environment (Figure 
2).This new class of compounds has potential applications in drug delivery. 
0 
OH O~NH 
O=S=O 
N 
H 
1.9 
HO 
6 
Hydrophilic Environment 
0 NH 
0=S=0 
NMe2
Hydrophobic Environment 
Figure 2. The proposed conformational control of the molecular umbrella 1.9 and the 
function of the molecular umbrella in shielding and exposing attached agent. 
Ariga et al. prepared novel supramolecular hosts whose molecular recognition 
properties could be controlled by surface pressure at the air-water interface (Figure 3).so, si 
The steroid hosts could be used as a molecular actuator, which controlled the size of the 
cavity and intervals in the cavity array. 
O HN o ~., 
OH
S — V 
~~N~O HO~ H 
OH H ~ O~H H `N~ 
HN ~ 
HZN ~, 
O N~..~Z NHZ
OH 
OH 
H 
NHZ
O — 
OH 
HO 
Compression 
t 
Expansion 
~ i 
l N~ -NL 
~N~-N 
Cyclophane Ring 
K03S 
Guest (TNS) 
OH 
e 
Figure 3. The conformations of host molecules made from cholic acid derivatives and 
cyclophanes can be controlled by surface pressure at the air-water interface. 
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We recently reported oligomeric cholates that underwent transitions between folding 
and unfolding conformations depending on the solvent polarity, and the amphiphilic 
foldamers formed had nanometer-sized hydrophilic cavities that could be very useful as 
novel supramolecular hosts and responsive materials (Figure 4).52
F~~Iar a~~nt~ 
Figure 4. Oligomer from cholic acid adopts extended, random conformations in polar 
solvents and forms a helical structure in nonpolar solvents. Adapted from reference 52. 
In summary, cholic acid and its derivatives are widely used in supramolecular 
chemistry. They are important building blocks in inclusion compounds, organogelators, 
receptors and enzyme mimics.31-3s Furthermore, the hydroxyl groups and the carboxyl group, 
each with a different reactivity,53 make cholic acid an ideal starting point for a synthetic 
procedure. 
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2. NEW CHOLIC ACID DERIVATIVES 
2.1. Modular Synthesis 
This work has been published as: 
Cholic Acid-Derived Facial Amphiphiles with Different Ionic Characteristics 
Zhong, Zhengi; Yan, Jie; Zhao, Yan Langmui~ 2005, 21, 6235-6239 
Yan synthesized compound 2.6 and 2.7; Zhong synthesized compound 2.5 and 2.8. 
2.1.1. Introduction 
The important biophysical and physicochemical functions and diverse applications in 
both academic and industrial areas for cholic acid derivatives are directly related to their 
facial amphiphilicityl, which come from their polar and nonpolar groups located on opposite 
faces instead of at opposite ends as in conventional surfactants.2-9 However, the facial 
amphiphilicity of cholic acid is weak with only three hydroxyl groups on the a face. The 
polarity of the hydroxyl groups can be increased to enhance the facial amphiphilicity of the 
steroid unit. 
In literature reports, various groups including sugars,3' 4 sulfates,10 ammoniums,6, i l -i4 
and carboxylatesg have been introduced to the a face of cholic acid. Different linkages, 
including acetal,3' a sulfate ester,10 ether,$' ii-i3 and ester14 are employed in the 
functionalization. Facial amphiphiles with three ionic groups were also reported.6' s To 
introduce sugar and sulfate groups on the a face of cholic acid, although 
protection/deprotection of hydroxyl groups are needed, only a few steps of synthesis from 
13 
cholic acid (2.1) are used (Scheme 1).3, 4, to 
2 steps 
Cholic Acid ~ —~ 
Cholic Acid 
O 
Me0-Bz 
OH 
Bn0 
Bn0 
o~ 
2 steps 
~~ 
BnO~ OH 
O p 
Bn0 ~g-Ph 
O 
~~ ~~NHR 
OSO 
s OSO-
- 3 OS03
Scheme 1. Introducing sugar and sulfate groups on cholic acid.3, a., to 
O 
However, in the replacement of hydroxyl groups by ammonium groups, the 
procedures involved are quite complicated. The difficulties often arise due to control of the 
stereochemistry on C3, C7 and C 12. As a result, the synthesis of tri-a-amino methyl cholate 
was at least 16 steps (Scheme 2).6
Cholic Acid 
2 steps 
1 step 
HO'~ 
CO2H 2 steps 
H02C~ 
Scheme 2. Synthesis of tri-a-amino methyl cholate.6
CO2H 1 step 
HO' 
CO2Me 
2 steps 
H2N' 
OH 
OH 
2 steps 
OH 
CO2H 
COZMe 
14 
To introduce different ammonium groups, different synthetic strategies had to be 
used. As in Scheme 3a, three hydroxyl groups were treated with Br-(CH2)m COCI and the 
ammonium groups were attached later through SN2 reactions; in Scheme 3b, allyl groups was 
first introduced, ammonium groups were added through a series of oxidation/reduction 
reactions.11, i4 Synthetic strategy in Scheme 3b involved more steps than in Scheme 3a, and 
only primary amine could be synthesize; strategy in Scheme 3a has the advantage of 
introducing different types of ammonium groups. 
Cholic Acid 
(a) 
Cholic Acid 
\ O' 
(b) 
~`CnH2n+1 
O 
Br 
n=8, 10, 12 or 16 
m=3,4,5or7 
N3C~'~O 
m = 
'O~~r Ns 
m 
m = 1 or 2 
OTr 
Scheme 3. Different strategies fro the synthesis of Cholic acid derivatives with ammonium 
groups on the a-faces.l i, i4 
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As the synthetic methods and level of difficulty varied widely in these reported 
syntheses, we were interested in developing a quick, mild, and systematic synthetic route to 
functionalize Cholic acid. The ring opening of expoxides by nucleophilesll seemed to be a 
good choice, especially because allyl-derived cholates were already reported in the literature 
and allyl groups can be easily epoxidized under mild conditions. 
2.1.2. Results and Discussion 
2.1.2.1. Synthesis 
NaH, ally) iodide 
Bu4Nl, THE 
Cholic Acid, 2.1 4o°c ~ 
mC P BA 
CH2C12, rt
80% 
2.4 
2.5 
ONa 
2.2 
(a) Na2SO3, H2O 
(b) McOH, H2SOq 
48% 
O 
OH ~OH~OHSO NaSO3Na 3 
SO3Na 
2.6 
O~~ 
_ /SOH 
~H 
OH 
64% 
(a) HNMe2 
(b) HCI 
74% 
McOH, H2SO4
reflux 
70% two steps~o 
2.3 
OH 
OH ~ ~OH`N~ oHOH 
N' N' OH ~ 
~H 
I~OH 
OH 
2.8 
~O H 
0 
OH ~©
OH NHMe2
o NHMe2 0 NHMe2 3C1 
2.7 
O 
Scheme 4. Synthesis of Facial Amphiphiles 2.5-2.8 from Cholic Acid 
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Ether linkages were used in the synthesis because of their excellent stability in 
aqueous solutions. Retrosynthetically, compound 2.3 may be prepared by alkylation of 
methyl cholate using allyl bromide and sodium hydride. However, under this standard 
alkylation condition, the ester group may undergo many side reactions, such as ester 
condensation, transesterification, and alkylation. Therefore, using a literature procedure$' l i-
13, triallylation of cholic acid was performed with the carboxyl group reduced to an alcohol 
and protected as a triphenylmethyl ether. Nevertheless, it is highly desirable to retain the 
carboxyl group of cholic acid, for it can be used for ligation via amide coupling in the 
presence of other functional groups, such as an hydroxyl, sulfonate, or tertiary amine. If the 
carboxyl group is reduced to an alcohol, this option is no longer available, as several more 
hydroxyl groups will be generated during the ring opening of the epoxides. After many 
unsuccessful attempts, we found that the combination of allyl iodide$' ii -i3 (which is much 
more reactive than allyl bromide used in previous procedures), sodium hydride, and 
tetrabutylammonium iodide (Bu4NI) affords triallylation effectively. Most side reactions are 
suppressed at low temperatures (< 40 °C). 
With methyl cholate as the starting material, transesterfication occurred during the 
reaction and the methyl group is partially exchanged by an allyl group. In addition, when the 
excess of sodium hydride was quenched by water (or aqueous hydrochloric acid) at the end 
of the allylation, extensive hydrolysis of the methyl ester happened. Hydrolysis may have 
been facilitated by the tetrabutylammonium cation, which can transfer anions, such as 
hydroxide, into the organic phase. We solved both problems by directly allylating cholic acid 
using an excess of allyl iodide in the presence of sodium hydride and Bu4NI. The 
tetraallylated product 2.2 (together with any hydrolyzed acid product) was then converted to 
17 
2.3 by heating the crude mixture in methanol with sulfuric acid as the catalyst. The overall 
yield from 2.1 to 2.3 was 70%. 
Epoxidation of 2.3 by MCPBA produced the desired 2.4 in an 80% yield. Ring 
opening of 2.4 was straightforward. Its hydrolysis gave carboxylate 2.5. Nucleophilic attack 
of 2.4 by sodium sulfite afforded sulfonate derivative 2.6. Ring opening by dimethylamine 
generated cationic facial amphiphile 2.7 after protonation of the amino groups. Finally, 
nonionic amphiphile 2.8 was obtained by opening epoxide 2.4 with 1-(N-methylamino)-2,3- 
propanediol (Scheme 4). 
2.1.2.2. Characterization of Aggregation Behavior 
Amphpphiles 2.5-2.7 are soluble in water and form translucent solutions. Similar to 
cholic acid, 2.5 is only water-soluble in the carboxylate form. On the other hand, 2.7 is only 
water-soluble in the protonated, ammonium form. The main difference between the three 
amphiphiles is the number and the nature of charged groups; 2.5 has one negatively charged 
carboxylate, 2.6 has three negatively charged sulfonates, and 2.7 has three ammonium 
cations. 
A dye solubilization method16 was used to characterize the aggregation behavior of 
these facial amphiphiles. This method has been widely used in the characterization of 
surfactants including facial amphiphiles.2, 4-6, s, i~ ~ this procedure, a hydrophobic dye, 
Orange OT (2.9), is shaken with different concentrations of an amphiphile in water. 
Dissolution of the dye only happens above the critical micelle concentration (CMC) of the 
amphiphile. 
18 
2.9 
c~.~~ 
+~ a. 
o.~~ 
~.~~ 
€~.~~ 
-v.~~ 
iw~g{cc~r~:~~n~ra~+~u~ {~} 
Figure 1. Orange OT solubilization by aqueous solutions of 2.5 (~), 2.6 (a), sodium cholate 
(■), and 2.7 (0) as a function of amphiphile concentration. Millipore water was used to 
prepare all solutions. The solution pH varied with the structure and the concentration of the 
amphiphiles because amphiphile 5 and sodium cholate are weak bases and 7 is a weak acid. 
The extinction coefficient of Orange OT is 16 000 L•mol-1 •cm-1 at 486 nm. 
~b
sr
~r
~~
r~
+~
 a
 
As seen in Figure 1, amphiphile 2.5 begins to solubilize the hydrophobic dye above 1 
(10°) mM concentration and becomes more effective above 4-5 (1006-10°'7) mM. With three 
charged groups, amphiphiles 2.6 and 2.7 do not solubilize Orange OT significantly until the 
concentration is above 10 (101) and 25 (1014) mM, respectively. 
As a control and parent amphiphile, we also performed dye solubilization by sodium 
cholate (data shown as ■ in Figure 1). Sodium cholate does not solubilize Orange OT until its 
concentration reaches about 20 (1013) mM. This number is slightly larger than the literature 
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value (16 mM) obtained by the same method for sodium cholate in the 150 mM sodium 
chloride solution. 17 Such a difference is expected, because the CMC of sodium cholate is 
known to decrease with increasing ionic strength.lg, i9 What is surprising is that this CMC is 
higher than that of the closely related 2.5 and even higher than that of 2.6, which carries three 
negative charges. Such unusual aggregation behavior of substituted cholates has frequently 
been reported in the literature. For example, a glycosylated cholate salt (with nine hydroxyl 
groups on the a face) was found to aggregate at a lower concentration than sodium cholate.4
The lower CMC for the glycosylated cholate was attributed to stronger hydrogen bonding 
interactions, which caused micelle formation. In another example, an unusual charge effect 
was observed. A cholate derivative with three positive ammonium groups on the a face was 
reported to have a high CMC (> 100 mM),6 but two anionic derivatives carrying three and 
four carboxylate groups had CMCs <1 mM.g
Apparently, the rules of substituent effects on the CMC of cholate derivatives are 
rather complex and vary according to the nature of the substituents. For simple bile salts, the 
addition of an hydroxyl group has been shown to increase the CMC.17 In the more 
complicated cholate derivatives,4' 6' s including 2.5-2.7, the substituent effect apparently 
follows different rules. Conventional surfactant tend to form large micelles consisting of 20-
100 monomers abruptly above the CMC, but cholate derivatives tend to form small 
oligomers as primary aggregates at early stages, followed by large aggregates at higher 
concentrations.a°' Zi Not only so, but cholate aggregates may contain different types of 
binding sites as suggested by recent photophysical and photochemical studies.aa-a4 Large 
substituents on the a face may not alter the structure of the primary aggregates too much, but 
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will undoubtedly change how primary aggregates come together to form secondary 
aggregates. 
Cationic cholate amphiphiles are promising antimicrobialll-i4 and transfection 
agents,25 but nonionic ones are not effective. A pH-sensitive cholate amphiphile, thus, may 
be useful in drug targeting or controlled release applications. Therefore, we were interested 
in such pH effect for amphiphile 2.7 and 2.8. They both have three amino groups, 
. protonation can take place in several stages and affect micellization differently. Upon 
protonation, 2.7 and 2.8 have similar aggregation properties that they become cationic and 
have to overcome electrostatic repulsion to aggregate. Therefore, their aggregation should be 
readily tuned by the solution pH. However, unprotonated 7 is insoluble in water. On the other 
hand, 2.8 has no solubility issue as 2.7, and its dye solubilization studies clearly show that its 
aggregation behavior can be controlled by pH. The detailed aggregation behavior of 2.8 is 
reported in our Langmuir paper.26
With this new method, the a face of cholic acid could be functionalized with a range 
of polar groups, which generate cholate derivatives of different ionic characteristics. Control 
of amphiphilicity in cholic acid derivatives is also straightforward with the modular 
synthesis. The aggregation behavior of these facial amphiphiles, monitored by a conventional 
dye solubilization study, was tuned systematically as a result. 
2.1.3. Experimental Section 
General. Anhydrous tetrahydrofuran (THF) and methylene chloride were prepared by 
drying through a column of activated alumina under compressed nitrogen. Cholic acid was 
crystallized from 95% ethanol and dried at 90 °C under vacuum. Orange OT (purchased from 
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TCI, Ltd.) was precipitated from an acetone solution into water. It was then crystallized twice 
from ethanol and dried under vacuum. Pyrene (>98%) was purchased from Janssen Chimica 
and was used as received. All other reagents and solvents were A.C.S. certified grade or 
higher and were used as received from commercial suppliers. All glassware and syringes 
were dried in an oven at least overnight prior to use. The 1H and 13C NMR spectra were 
recorded on a Varian VXR-300, VXR-400, or Bruker-400 spectrometer. MALDI-TOF mass 
recorded on a Thermobioanalysis Dynamo mass spectrometer. ESI-MS mass spectra were 
recorded on a Shimadzu LCMS-2010 mass spectrometer. All aqueous solutions for the 
critical micelle concentration (CMC) measurements were prepared using Millipore water. 
UV-vis spectra were recorded at ambient temperature on a HP 8452 spectrometer. 
Fluorescence spectra were recorded at ambient temperature on a Varian Cary Eclipse 
fluorescence spectrophotometer. Detailed procedures of synthesis of 2.3, 2.4, 2.5 and 2.8 
were published in our previous paper.a6, 2~ 
Synthesis of Compound 2.3. Cholic acid 2.1 (2.1 g, 5.16 mmol) was dissolved in 
anhydrous THE (25 mL). Allyl iodide (3.8 mL, 41.60 mmol) was added via a syringe under a 
N2 flow. The first batch of NaH (0.43 g, 11.20 mmol) was added under N2 flush and the 
mixture was stirred at 40 °C for 12 h. The second batch of NaH (0.44 g, 11.40 mmol) was 
added and the reaction was continued for 12 h. The third (0.44 g, 11.40 mmol) and the fourth 
(0.44g, 11.40 mmol) were added similarly. The reaction was quenched by slow addition of 
water (2 mL), acidified with 1M H2SO4 to pH = 3 and extracted with ethyl ether (30 mL, 3x). 
The organic phase was washed with brine (20 mL, 2x), dried with MgSO4, and concentrated 
by rotary evaporation. The residue was combined with methanol (40 mL) and 5 drops of conc. 
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H2SO4, and was heated to reflux for 24 h. Water (40 mL) was added and the mixture was 
extracted with hexane (30 mL, 3x). The combined hexane solution was dried (MgSO4), 
filtered, and concentrated by rotary evaporation. The residue was purified with column 
chromatography using EtOAc/hexane (1:5) as eluent to give a colorless oil (1.96 g, 70% 
yield): 1H NMR (300 MHz, CD3C1, b) 5.90 (m, 3H), 5.25 (m, 3H), 5.08 (m, 3H), 4.07 (m, 
2H), 3.98 (dt, 2H, J= 1.2, 5.7 Hz), 3.75 (m, 2H), 3.64 (s, 3H), 3.52 (s, 1H), 3.324 (s, 1H), 
3.12 (m, 1H), 2.32-0.92 (series of m, 30H), 0.70 (s, 3H). 
Synthesis of Compound 2.4. Compound 2.3 (2.0 g, 3.76 mmol) was dissolved in 
anhydrous CH2C12 (30 mL). m-chloroperbenzoic acid (3.2 g, 18.80 mmol) was added and the 
solution was stirred at room temperature overnight. The solvent was removed by rotary 
evaporation. Water (30 mL) was added and the mixture was extracted with ether (30 mL, 2x). 
The combined organic phases were washed with brine (20 mL), dried (MgSO4), filtered, and 
concentrated by rotary evaporation. The residue was purified by column chromatography 
over silica gel using CH2C12/acetone (10:1) as eluent to afford a viscous oil (1.80 g, 75 
yield): iH NMR (300 MHz, CD3Cl, ~) 3.69-3.24 (m, 6H), 3.18-3.05 (m, 9H), 2.78-2.51 (m, 
6H), 2.49-0.84 (m, 30H), 0.62 (s, 3H). 
Synthesis of Compound 2.6. Compound 2.4 (1.28 g, 2.2 mmol) was dissolved in 
McOH (3 mL), to which a solution of sodium sulfite (4.1 g, 36.6 mmol) in water (15 mL) 
was added. The mixture was stirred at 60 °C for 10 h. The solvents were removed by rotary 
evaporation and lyophilization. Methanol (20 mL) was added to the residue, followed by 
concentrated H2SO4 until pH < 1. The mixture was heated to reflux overnight. The mixture 
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was neutralized with Na2CO3 solution and concentrated by rotary evaporation. The resulting 
powder was purified by column chromatography over silica gel using CHC13/MeOH/AcOH 
(20:5:1) as the eluent to give a white solid (0.94 g, 48% yield): 1H NMR (300 MHz, 
CD3OD/D2O = 1:10, b) 4.20-4.00 (m, 3H), 3.70-2.8 (m, 21H), 2.25 (m, 4H), 1.80-0.7 (m, 
26H), 0.56 (s, 3H); 13CNMR (75 MHz, CD3OD/D2O = 1:10, b) 176.9, 81.4, 81.4, 80.3, 76.8, 
72.2, 72.1, 71.8, 70.9, 67.3, 67.1, 67.0, 54.9, 54.5, 54.2, 54.1, 54.0, 53.9, 52.1, 46.1, 43.6, 
42.4, 41.4, 39.5, 39.6, 35.5, 35.0, 34.6, 30.7, 28.5, 27.8, 27.5, 26.8, 26.1, 23.4, 22.5, 17.5, 
12.4; ESI-MS (m/z): [M-3Na]3- calcd for C34HS~O17S3, 278.0; found, 278.0; [M-Na]2- calcd 
for C34HS~O17S3Na, 428.5; found, 428.0. 
Synthesis of Compound 2.7. Compound 2.4 (1.83 g, 3.1 mmol), dimethylamine 
(1.78 mL, 13.97 mmol), and McOH (15 mL) were placed in a sealed, thick-wall glass tube. 
The mixture was heated in an oil bath at 50 °C for 5 h. The mixture was concentrated by 
rotary evaporation and purified by column chromatography over silica gel using 
CHC13/MeOH/NH3•H2O (4:1:0.1) as the eluent to afford a viscous oil (1.67 g, 74% yield): 1H 
NMR (300 MHz, CD3OD, b) 4.00-3.75 (m, 3H), 3.70-3.00 (m, 15H), 2.75-1.00 (m, 48H), 
1.00-0.90 (m, 6H), 0.72 (s, 3H); 13C NMR (75 MHz, CD3OD, S) 175.2, 81.1, 81.0, 80.2, 
77.0, 77.0, 71.6, 71.5, 71.0, 70.6, 67.4, 67.4, 67.4, 67.3, 67.1, 62.5, 62.4, 62.1, 62.1, 61.8, 
61.8, 51.0, 46.3, 46.2, 44.6, 44.6, 44.5, 44.4, 42.7, 42.7, 42.6, 41.9, 3 9.8, 3 9.7, 3 5.5, 3 5.4, 
35.3, 35.1, 34.8, 31.1, 30.6, 28. 8, 27.9, 27.5, 23.3, 22.6, 22.1, 17.1, 11.8; ESI-MS (m/z): [M 
+ H]+ calcd for C40H76N3Og, 727.1; found, 727.0. The oil was dissolved in McOH (10 mL). 
An excess of HCl in ether (1 M) was added. After 1 h, the solvent and HCl were evaporated 
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by a gentle N2 flow. The white solid was pumped under high vacuum to afford a white power 
(2.7.3HC1, 1.92 g, 100% yield). 
Orange OT Solubilization. Aliquots of 1.5 mL of the amphiphiles at different 
concentrations in water were placed in screw-capped vials and gently rocked in the presence 
of excess solid Orange OT for 3 days. The excess dye was removed by filtration through 
syringe filters Millipore Millex hydrophilic poly(tetrafluoroethylene) filters, 0.45 ,um. An 
aliquot of 300 ,uL of each sample was diluted with 1.20 mL of absolute ethanol. The 
absorbance of each sample was measured at 486 nm with a 1-cm path length cell. Each 
experiment was repeated three times with separately prepared solutions. 
2.2. Asymmetric Synthesis 
2.2.1. Introduction 
Enzyme catalysis, with remarkable regio- and stereoselectivity under mild conditions, 
is one of most inspiring examples of nature to chemists.as, 29 The basic principle behind 
enzyme catalysis was originally proposed by Pauling 60 years ago,30 and later expanded by 
Jencks.31 It is believed that an enzyme can selectively bind its substrates and stabilize the 
transition state of the reaction. In order to simulate the functions of nature enzymes, 
macrocyclic compounds exhibiting guest-inclusion capability, such as cyclodextrins (CD, 
2.10),3a-35 cyclophanes (2.11, 2.12),36-39 and other systems40-as have been employed as 
enzyme mimics. Most supramolecular catalysts reported in the literature can be classified as 
host—guest catalysts, since they combine a binding site for substrates with a catalytic center.46 
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For example, Breslow and co-workers chose to mimic the enzyme ribonuclease A.47
This enzyme uses His12 and His119 as its principle catalytic groups in the hydrolysis of RNA. 
To mimic this enzyme, two imidazole rings were attached to the primary face of (3- 
cyclodextrin as depicted below in Figure 2. This mimic 2.13 catalyzed the hydrolysis of the 
cyclic phosphate 2.14 with a k~at/ kUn~at =120 and gave greater than 99:1 selectivity for 2.15. 
The simple solution reaction of 2.14 with NaOH only yielded a 1:1 mixture of both 2.15 and 
2.16. 
~~ 
N 
O 
NOHO N O O O 
O O ~~ o ~ `~ -OH 
OHO HO O O—P~ O OH 
' , O H 
O~P`O 
O 
O 
~ O 2.13 ~ ~ ~ OH 
O OH 
OH OH O 
OHO HO O OH 2.14 2.15 2.16 
~ HO ~2 
2.13 
Figure 2. The hydrolysis of cyclic phosphate 2.14 catalyzed by compound 2.13. 
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Bols et al synthesized cyclodextrin cyanohydrin (2.17) to mimic glycosidases, which 
catalyze the hydrolysis of glycosides.50 Compound 2.17 was shown to be a remarkably 
efficient artificial enzyme catalyzing the hydrolysis of aryl glycosides with rate increases 
close to 104. The mechanism was believed to be general acid catalysis with the cyanohydrin 
OH delivering a proton to the exocyclic oxygen of the glycoside (Figure 3). 
HO 
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OH 
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OH 
HO' 
~O 
O HO 
2.17 
HO 
HO 
O 
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Figure 3. Proposed mechanism of hydrolysis of aryl glycosides into glucose and phenol 
catalyzed by compound 2.17. 
Despite some impressive advances in the field of artificial enzymes,47-50 chemists 
have not produced a synthetic equivalent, which can rival enzymes in rate acceleration, 
turnover, and specificity. One of the reasons is that the synthetic hosts such as cyclodextrins 
have rigid binding pockets. The design of these host molecules followed Emil Fischer's 
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famous `lock-and-key' analogy of enzyme catalysis,sl in which the substrate had to fit as a 
key into a lock. However, it became apparent that a rigid fit between enzyme and substrates 
cannot explain all aspects of enzyme catalysis. In fact, enzymes are flexible molecules due to 
the non-covalent nature of their folded 3D structure, which is capable of undergoing 
conformational changes induced by their substrates and hence changing their substrate 
affinities.52 Few examples in the literature of synthetic enzyme mimics show these kinds of 
induced conformational changes.s3
Recently, we reported the synthesis of amphiphilic molecular baskets based on a 
facially amphiphilic cholic acid and a calixarene scaffold (2.1 S).54 These molecules respond 
to environmental changes by rotation of the cholate units. In polar solvents, the molecules 
adopt amicelle-like conformation with the hydrophilic face of the cholate pointing outward. 
In nonpolar solvents, the hydrophilic face of cholate turn inward to from areversed-micelle-
like conformation. Switching between the two conformations is driven by solvophobic 
interactions and is fully reversible (Figure 4). Furthermore, the two distinguishable 
amphiphilic cavities selectively bind corresponding polar and nonpolar substrates by 
controlling the polarity of the solvents. 
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Figure 4. Conformtional changes of the molecular baskets in different solvents. 
Taking advantage of the environmental responsiveness of compound 2.18, we would 
like to attach catalytic imidazole groups on the hydrophilic a-faces of cholates (2.19) to form 
new enzyme mimics (2.20). As the catalytic basket forms the micelle-like and reversed-
micelle-like conformations, their selectivity toward hydrophilic or hydrophobic substrates 
can be readily tuned by solvent composition. 
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2.2.2. Results and Discussion 
Synthesis. Retrosynthetically, compound 2.19 may be synthesized by SN2 
substitutions of ~3-bromo or ~-Ms0 cholate derivatives with immidazole. Under basic 
reaction conditions (adding Na2CO3 or NaOH), imidazole would become more nucleophilic 
than in neutral conditions, therefore making the SN2 reactions much faster. However, after 
several unsuccessful reactions, we discovered that elimination of those ~-bromo or ~-Ms0 
groups took place as the main reaction. When different bases including K2CO3, KOH, 
K2CO3/crown ether and NaH were used, it was found that, the more basic the reaction 
conditions, the faster the elimination reactions were. 
Clearly we needed to find reaction conditions to shift the reactions toward the SN2 
pathway. Theoretically, under mild basic conditions, the elimination reaction could be 
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slowed down. With K2CO3 as the base, the reaction was carried out in a number of solvents, 
including McOH, Dimethyl ethylene glycol ether, DMF and DMSO at various temperatures. 
Unfortunately, at low temperatures (from r.t. to 50 °C), there was no significant sign of any 
SN2 reaction. Although elimination took place slowly, it was the main reaction after 
overnight or 24 hours. At high temperatures (50 to 120 °C), the elimination again dominated 
(Scheme 5). These results are not very surprising, because the bromide or Ms0 group is at 
the axial position on the cyclohexyl ring, capable of very efficient elimination. 
H 
CN> 
N 
I/ 
H 
N C ~> N 
O 
OH 
Scheme 5. Failed Synthesis of a- imidazole cholate 2.19 from (3-substituted cholate 
derivatives. 
Another synthetic method was used to synthesize compound 2.19. It is known that 
carbonyl diimidazole and sulfinyl diimidazole can react with active hydroxyl groups, through 
decarboxylation and desulfinylation reactions to form imidazole substituted compounds.ss (A 
general mechanism is showed in Scheme 6) This method has not demonstrated cholic acid, 
since the 3-OH is much more reactive than the 7- and 12-OH, it is possible that carbonyl 
diimidazole and sulfinyl diimidazole may selectively react with the 3-OH. Another reason 
why this method was used was because the chirality could be retained during the reaction. 
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Unfortunately, although carbonyl imidazole and sulfinyl diimidazoledid did react selectively 
to the 3-OH group in both compound 2.21 and unprotected cholic acid 2.1 (Scheme 6), 
decarboxylation and desulfinylation did not happen as in simple alcohols. ss 
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Scheme 6. General mechanism for the reaction of carbonyl diimidazole and hydroxyl group. 
The product generated from 2.1 and 3, a-OH cholate derivative 2.21. 
Finally, compound 2.19 was synthesized by a four component condensation reaction 
from a-amino cholate derivative 2.24 in decent yield. It was a longer synthetic route than the 
first two attempted methods. As the synthesis of a-amino compound 2.24 is routinely 
performed in our lab, this synthetic route was not difficult at all. Starting from cholic acid, 
after esterficaiton and bromination, compound 2.22 with 3,~-bromo group was synthesized. 
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SN2 substitution by NaN3 at 100 °C gave compound 2.23 with 3,a-azide group. A typical 
Staudinger reaction then gave compound 2.24 with 3,a-amino group. Finally, four 
component condensation reaction with compound 2.24, glycoxyl, formaldehyde, and 
ammonium chloride yielded compound 2.19 (Scheme 7). 
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McOCH2CH2OH 
100 °C 
NH2
90% 
2.24 
O 
a) McOH, H2SO4
95% 
b) PPh3, Br2, THE 
80% 
2.23 
(a) CH2O, HCOCOH 
NH4C1, H3PO4, H2O 
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N~ 
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Scheme 7. Synthesis of 3,a-imidazole cholate 2.19 from cholic acid. 
OH 
Attempts were made to couple the 3,a-imidazole cholate derivative 2.19 to different 
scaffolds to form environmentally responsive molecular baskets with catalytic imidazole 
groups (Figure 5). Compound 2.20 has long ethylene glycol chains to increase its solubility 
in polar solvents. However, during the synthesis of 2.20, we found that the major product 
always was 2.20 contaminated with a small amount of tri-substituted product. Because the 
polarities of tetra- and tri-substituted products were almost identical, compound 2.20 could 
not be isolated in pure form. 
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Figure 5. Synthesized supramolecular catalysts with compound 2.19 and calix[4]arene 
scaffolds. 
2.2.3. Experimental Section 
General. Anhydrous tetrahydrofuran (THF) and methylene chloride were prepared by 
drying through a column of activated alumina under compressed nitrogen. Cholic acid was 
crystallized from 95% ethanol and dried at 90 °C under vacuum. All other reagents and 
solvents were of A.C.S. certified grade or higher and were used as received from commercial 
suppliers. All glassware and syringes were dried in an oven at least overnight prior to use. 
The 1H and 13C NMR spectra were recorded on a Varian VXR-300, VXR-400, or Bruker-400 
spectrometer. MALDI-TOF mass spectra were recorded on a Thermobioanalysis Dynamo 
mass spectrometer. ESI-MS mass spectra were recorded on a Shimadzu LCMS-2010 mass 
spectrometer. The detailed procedure for the synthesis of compound 2.22, 2.23, and 2.24 has 
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been reported else where.56
Synthesis of compound 2.22. Cholic acid in McOH with a few drops of concentrated 
H2SO4 was refluxed overnight. McOH was removed and the crude product was recrystallized 
from CH3CN to give a white solid (95%). The resulting methyl cholate (1 equiv) was 
dissolved in a PPh3Br2 (1:1, 1.1 equiv) solution in dry THE and refluxed for 40 minutes. The 
mixture was extracted with ethyl acetate, concentrated and purified by column 
chromatography over silica gel using EtOAc/hexane (1:4) as the eluent to afford a viscous oil 
(80% yield): iH (300 MHz, CHC13, 8) 4.77 (s, 1H), 3.99 (s, 1H), 3.85 (d, 1H, J = 2.7 Hz,), 
3.66 (s, CO2CH3, 3H), 2.83-2.73(m, 1H), 2.32-1.05 (series of m, 28H), 1.05-0.94 (m, 6H), 
0.67 (s, 3H). 
Synthesis of compound 2.23. Compound 2.22 (1 equiv) and sodium azide (10 equiv) 
were dissolved in ethylene glycol monomethyl ether and stirred at 100 °C for 9 h. The 
mixture was extracted with ethyl acetate. The concentrated crude product was purified by 
column chromatography over silica gel using EtOAc/hexane (1:4) as the eluent to afford a 
viscous oil (90% yield) : ' H (300 MHz, CHC13, ~) 3.99 (s, 1 H), 3.86 (s, 1 H), 3.67 (s, 
CO2CH3, 3H), 3.09-3.22 (m, 1H), 1.34-2.36 (series of m, 26H), 0.96-0.98 (d, 3H, J = 8.7 
Hz), 0.91(s, 3H), 0.69 (s, 3H). 
Synthesis of compound 2.24. Compound 2.23 (1 equiv) with PPh3 (1.5 equiv) were 
dissolved in THE containing a few drops of H2O. The reaction was stirred at r. t. overnight. 
The mixture was concentrated and purified by column chromatography over silica gel using 
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ethyl acetate and McOH/Et3N (20:1) as the eluent (70% yield): 1H (300 MHz, CHC13, b) 3.95 
(s, 1H), 3.89 (s, 1H), 3.56 (s, 3H), 2.54-2.37(m, 1H), 2.32-1.05 (m, 28H), 1.03 (d, 3H, J= 8.7 
Hz), 0.98 (s, 3H), 0.67 (s, 3H). 
Synthesis of Compound 2.19 Compound 2.24 (1.97 g, 4.67 mmol) was dissolved in 
H2O/H3PO4 (3 mL, pH = 2) in a 25 mL round bottom flask, and 40% aq. glyoxyl (0.54 mL, 
4.67 mmol) and 37% aq. CH2O (0.35 mL, 4.67 mmol) were added. A 2M NH4C1 solution 
(2.4 mL, 4.67 mmol) was then slowly added over 30 min. The resulting solution was heated 
to 80 °C under N2 gas. A second batch of 40% aq. glyoxyl (0.54 mL, 4.67 mmol), 37% aq. 
CH2O (0.35 mL, 4.67 mmol) and 2M NH4C1 solution (2.4 mL, 4.67 mmol) were added after 
6 h. The third batch of 40% aq. glyoxyl (0.54 mL, 4.67 mmol), 37% aq. CH2O (0.35 mL, 
4.67 mmol) and 2M NH4C1 solution (2.4 mL, 4.67 mmol) was added after another 6 h. The 
solvent was removed by rotary evaporation; the resulting solid was dissolved in McOH (10 
mL) and 2M LiOH (5 mL) was added. After stirring at rt for 3 hours, the solvent was 
removed and the product was precipitated by the addition of H2O. The reaction mixture was 
purified by column chromatography over silica gel using CHC13/MeOH/TEA (5 :1:0.1) as the 
eluent to give a solid (1.1 g, 50% yield): 1H NMR (300 MHz, CD3OD, S) 8.23 (s, 1H), 7.45 
(s, 1 H), 7.18 (s, 1 H), 4.06 (m, 1 H), 4.00 (s, 1 H), 3.82 (s, 1 H), 2.40-2.10 (m, 3H), 2.10-1.08 
(series of m, 24H), 1.08-0.90 (m, 6H), 0.74 (s, 3H); 13C NMR (75 MHz, CD3OD, 8) 175.3, 
148.1, 137.4, 129.3, 130.7, 117.6, 80.0, 72.7, 67.6, 50.8, 46.8, 46.4, 41.9, 41.7, 39.8, 35.6, 
34.9, 34.7, 34.6, 34.4, 31.0, 30.7, 28.4, 27.5, 26.7, 26.2, 23.0, 21.7, 16.4, 11.8; MALDI-
TOFMS (m/z): [M + Na]+ calcd for C27H42N2NaO4, 458.6; found, 459.3. 
36 
2.3. Conclusions 
A rapid synthesis of facial amphiphiles from cholic acid is described. The method is 
attractive because a common epoxide intermediate is used to prepare several amphiphiles 
with different polaritiesandionic characteristics. Such a synthesis offers a systematic way to 
vary the hydrophile-lipophile balance of cholate derivatives. The CMC of our cholate 
derivatives can be easily tuned between 1 and 25 mM by changing the number of charged 
groups on the structure. These molecules are potentially useful in a range of applications, 
such as novel surfactants, therapeutic agents, and building blocks in supramolecular 
chemistry. 
A synthesis of 3,a-imidazole cholate derivative 2.19 is described. Conventional SN2 
reactiona and carbonyl diimidazole and sulfinyl diimidazole chemistry failed to work for this 
particular molecule. Condensation of a 3,a-amino cholate derivative 2.24 to directly form 
2.19 was successful in decent yield. Compound 2.19 was then attempted to be coupled to 
different scaffolds to form environmentally responsive molecular baskets. 
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3. SOLVENT-INDUCED AMPHIPHILIC 
MOLECULAR BASKETS 
This work has been submitted as: 
Solvent-Induced Amphiphilic Molecular Baskets: 
Unimolecular Reversed Micelles with Different Size, Shape, and Flexibility 
Ryu, Eui-Hyun; Yan, Jie; Zhong, Zhenqi; Zhao, Yan 
Yan synthesized molecule 3.5, 3.6, and 3.7. 
3.1. Introduction 
Environmentally responsive molecules alter their physicochemical properties, 
functions or conformations in response to changes in their environmental conditions. Since 
the conformations (size, shape, and functional-group distribution) of a molecule are 
intimately related to its physical and chemical behavior, it is a rational way to design 
environmentally responsive materials by conformational control of the molecules. 
In fact, controllable conformational changes are critical to the function of 
biomolecules, such as proteins and peptides. The consequences of small conformational 
changes are profound in biological systems. For example, enzymes, whose catalytic functions 
can occur only after a change in protein structure induced by the substrate.a-ia 
Conformational changes in biomolecules maybe induced by specific molecules, such 
as enzyme substrates, allosteric effectors2.12, or general changes in environmental conditions 
including temperature, pH, and solvent polarity. As hydrophobic interactions13-16 represent a 
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major driving force for the folding of polypeptide chains, polarity-induced conformational 
changes are quite common for proteins and peptides. For example, it was reported that an 
antibacterial peptide Bombinin.l ~ It typically assumes random conformations in water, but 
changes to an amphiphilic a-helical structure in contact with the bacterial membranes, a 
much less polar environment. The a-helical structure is surface active and can destabilize the 
phospholipid bilayer of the membrane and finally causes the death of the bacteria (Figure 1). 
In fact, polarity-induced conformational change is important to many biological processes, 
including the translocation of proteins across membranes.l8
Cell Membrane 
Figure 1. Bombinin adopts a-helical structures in amphiphilic environments, which kills 
bacterial as a result. Adapted from paper 17. 
As mimics of biomolecules, many synthetic systems were reported utilizing polarity-
induced conformational changes. Regen et al. synthesized polarity-induced "molecular 
umbrellas" to shield hydrophilic ATP and assist its permeation across lipid bilayers (Figure 
2) 18-23 
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Figure 2. Hypothetical umbrella mechanism of bilayer transport. Adapted from paper 23. 
In recent years, foldamers have attracted a great deal of attention from chemists in 
different fields.24-32 Moore et al. synthesized phenylacetylene oligomers that could undergo 
solvent- induced folding and unfolding (Figure 3).26' 33 
6 r ~~ ~~ LTA 
~~r~G+~ k
~~~ {~~ 1~ 
Figure 3. Structures of phenylacetylene oligomers and proposed folding and unfolding 
conformations. Adapted from paper 33. 
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We have been interested in using cholic acid (3.1)34-43 as the basic material to 
construct both foldamers44 and nonfoldamers,4s-46 whose conformations and properties can be 
reversibly switched through solvent-induced mechanisms. With its large steroid backbone 
and uniquely oppositely facing hydrophilic and hydrophobic groups, cholic acid is ideally 
suited for solvophobically driven conformational changes.4s-s8 
R face 
HO'~ 
OH 
~ 'OH 
OH 
3.1, Cholic Acid a face 
OH 
We reported oligomeric cholates that undergo transition between folding and 
unfolding conformations depending on the solvent polarity, and the formed amphiphilic 
foldamers have nanometer-sized hydrophilic cavities that could be very useful as novel 
supramolecular hosts and responsive materials (Figure 4).44
onpoia~- ~oi~rer~ 
Polar ol~er~ 
Figure 4. Oligomer from cholic acid adopts extended, random conformations in polar 
solvents and forms helical structure in nonpolar solvents. Adapted from paper 44. 
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We also reported amphiphilic molecular baskets (3.2) synthesized by using cholic 
acid derivatives as the "walls" and acone-shaped tetraaminocalix4arene as the scaffold. 4s 
The molecule adopts micelle-like conformations in polar solvents with the hydrophilic faces 
turned outward and reversed micelle-like conformations in nonpolar ones with the a faces 
inward (Figure 5). 
OR 
3.2, R = H or CH2CH(OH)CH2OH 
Figure 5. Conformational changes of the molecular baskets in different solvents. Adapted 
from paper 45. 
The binding properties of 3.2 can be switched by solvent changes. In nonpolar 
solvents, the molecules utilize the hydrophilic faces of the cholates to bind hydrophilic 
molecules, such as glucose derivatives. In polar solvents, the molecules employ the 
hydrophobic faces of the cholates to bind hydrophobic guests (Figure 6).46 
46 
Figure 6. Selective binding of molecular baskets 3.2 in different solvents. Adapted from 
paper 46. 
In this work, we extend the concept to prepare more cholate baskets with different 
size, shape, and flexibility, in order to study the solvent-induced conformational changes. We 
also found an interesting correlation between the stability of the reversed-micelle-like 
conformer and the ability for the cholates to form a microenvironment to enrich polar 
solvents from a solvent mixture. 
3.3. Results and Discussion 
3.3.1. Design and Synthesis of Amphiphilic Molecular Baskets 
The geometry of an amphiphile dictates the possible aggregates it can form. Similar 
to classical `head-to-tail' surfactants, facial cholate amphiphiles associate through the 
solvophobic faces to form oligomers that resemble micelles and reversed micelles in polar 
and nonpolar solvents, respectively.59 When cholates are linked to a scaffold covalently, 
restricted by the covalent linkers and scaffold, intramolecular aggregation of cholates should 
occur readily, Compared to intermolecular aggregates, `unimolecular' micelles and reversed 
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micelles60-6a should have the advantage of being tuned systematically by using linkers and 
scaffolds with different shape, size, and flexibility. 
3.2, R = H or CH2CH(OH)CH2OH 
The previously reported molecular basket 3.2 is based on the calix[4]arene 
scaffolds.4s,a6 We were interested in creating baskets by using the 1,3,5-triamimo-2,4,6- 
triethylbenzene scaffold 3.3 and the 1,3,5-tri(3-benzylamine)benzene scaffold 3.4. 
Preorganized tripod scaffold 3.3 is commonly used in supramolecular chemistry.63 Using this 
scaffold, we synthesized a dendritic molecule 3.5 with six cholate `all~is' to increase the 
`width' of the basket by coupling the acid derivative of 3.7 to the triamine scaffold 3.3, and 
molecule 3.6 by coupling three cholate `arms' to the flexible scaffold 3.4. Molecule 3.7 was 
synthesized mainly as a control to study solvent enrichment within the basket. It should be 
mentioned that a compound similar to 3.7 was reported by Burrows et al to forma `closed' 
conformation in nonpolar solvents where the two cholates hydrogen-bond to each other.41 
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Scaffold 3.4 was synthesized by the reduction of compound 3.8 (Scheme 1). What is 
worth mentioning is the unusual solubility of 3.8 and 3.4. Compound 3.8 has four benzene 
rings connected together. It was probably due to this rigidity that it was insoluble in many 
organic solvents including hexanes, EtOAc, Acetone, CH3CN, CH3Cl, CH2C12 and McOH. 
This unusual solubility caused difficulties in the reaction and purification of compound 3.8. 
After several failures, we found that mixed solvents (such as DME/toluene/H20 mixtures), 
long reaction times, and refluxing temperatures had to be used in order to get higher yields. 
During purification, we found that 3.8 could be precipitated in a hexanes/EtOAc (2:1) 
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mixture with good purity. In the synthesis of compound 3.4, a small amount of HOAc in the 
eluent made the purification much easier because it sharpened the product band on the 
column and distinguished 3.4 from other side products. 
0 
NaBH3CN 
N H40Ac 
McOH/THF 
O reflux 
H 70% 
3.8 
Scheme 1. Synthesis of compound 3.4 from 3.8. 
3.4 
3.3.2. Conformational Studies 
The conformational behavior of 3.5 was studied in a mixture of DMSO-d6 and CC14. 
Miscibility of the two solvents allowed us to vary the solvent ratios continuously. In the 1H 
NMR spectra of 6 in different solvent mixtures (Figure 7), as the polarity changes, the 
chemical shift of three OH and NH protons changes correspondingly. 
50 
NH 
Top NH Bottom NH 
~a 
OH3 OH12 OH7 
~ ~' 
~.~ 
Figure 7. Portions of the 1H NMR (400 MHz) spectra of 3.5 in different retios of DMSO- 
d6/CC14 at ambient temperature. The solvents in both cases are 100, 90, 80, 70, 60, 50, 40, 30, 
20, and10% DMSO from top to bottom. See the structure of cholic acid for the OH labeling. 
In aprotic solvent such as DMSO and CC14, both the NH and the OH protons are 
clearly visible. As shown in Figure 7, these protons generally move to high field with a 
decrease in DMSO percentage. However, the upfield shifts seem to slow down below 50-
60% DMSO and even reverse for the OH and NH protons below 20% DMSO. The trend is 
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more obvious when changes in the chemical shifts are plotted against DMSO percentage 
(Figure 8). The chemical shift of the NH and OH protons directly reflect the extent of 
hydrogen-bonding; thus, the chemical shifts of the NH and OH protons are good indicators of 
the local concentration of DMSO near these groups. 
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Figure 8. Changes in the 1H NMR chemical shifts of (a) NH and (b) OH protons for 
compounds 3.5 and 3.7 as a function of solvent composition in mixtures of DMSO/CCl4. 
From Figure 8, it is clear that the OH group of control compound 3.7 has a nearly 
linear response to the changes in DMSO percentage in the system. When the percentage of 
DMSO drops from 100% to 10%, the chemical shift of the OH group in compound 3.7 
moves 0.3 ppm up field, which means less hydrogen bonding of the OH group. However, 
compound 3.5 shows a different behavior. For example when there is 10% DMSO in the 
solvent mixture, the chemical shift of the OH group indicates that the extent of hydrogen 
bonding is still similar to that in 40% DMSO. The most likely explanation is that, in 10% 
DMSO, a relatively nonpolar environment, the a face (polar) would like to `hide' from the 
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nonpolar environment, and interact intramolecularly to form a polar cavity. DMSO, being 
polar, would be enriched from the environment into the polar cavity. Therefore, even though 
there is only 10% DMSO in the solvent mixture, the local concentration of DMSO in the 
polar cavity is still about 40%. 
The strongest evidence for the conformational change in 3.5 is the solvent-dependent 
1H NMR spectra signals. The top and bottom amide protons in 3.5 initially overlap and 
respond to the DMSO percentage similarly as the amide in the contro13.7, but very soon they 
split to give two curves. Whereas the bottom amides (3 protons by integration, ■ in Figure 
8a) follow the same track as the amides in 3.7 (0), the top amides (6 protons, show a larger 
downward curvature. Since 3.5 is essentially made of three units of 3.7, amides in the latter 
and the top amides of the former should behave similarly if only the cholates attached to the 
same phenyl ring can interact. The fact that 3.5 can enrich DMSO much more efficiently than 
part of its structure (i.e. 3.7) clearly indicates that DMSO-enrichment by cholates is a 
cooperative phenomenon and all six cholates work together to enrich DMSO instead of as 
three pairs. Also, it appears that, as long as a sufficient number of cholates is present to form 
an enclosed space, the reversed-micelle-like conformer is reasonably stable. Cooperativity is 
also obvious from the -SoH curves (Figure 8b). Based on both OH12 protons located in the 
center of the basket and OH3 near the periphery, basket 3.5 and ■) is better able to enrich 
DMSO than control 3.7 (0 and ♦). For the same basket, the OH12 protons are less sensitive to 
changes in solvent composition than OH3. In fact, this was also observed in other baskets 
synthesized in this lab, and is additional evidence for the cooperativity in preferential 
solvation.4s, 46 
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The conformational behavior of 3.6 was also studied in mixtures of CC14 and DMSO- 
d6. The resulting relationship between the changes of chemical shifts of the OH protons with 
percentage of DMSO was also plotted (Figure 9). 
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Figure 9. Changes in the 1H NMR chemical shifts of the OH groups for compound 3.6 and 
3.7 as a function of solvent composition in mixtures of DMSO/CC14. 
Compound 3.6, is based on a larger and more flexible scaffold. Both the OH3 and 
OH12 protons gave similar curves as the hydroxyls of 3.7 (Figure 9). Apparently, the three 
cholate cholate `ali~is' are too far away to form a cavity for DMSO-enrichment. 
3.2. Experimental Section 
General. Anhydrous tetrahydrofuan (THF) and methylene chloride were prepared by 
drying through a column of activated alumina under compressed nitrogen. Cholic acid was 
crystallized from 95% ethanol. Methyl sulfoxide (DMSO, spectrophotometric grade, 99.9%) 
was purchased from Acros. Carbon tetrachloride (HPLC grade) was purchased from Aldrich. 
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All other reagents and solvents were A. C. S. certified grade or higher, and were used as 
received from commercial suppliers. All glassware and syringes were dried in an oven at 
least overnight prior to use. Routine 1H and 13C NMR spectra were recorded on a Varian 
VXR-300 and VXR-400 spectrometer. The 1H and 13C NMR spectra were recorded on a 
Varian VXR-300, VXR-400, or Bruker-400 spectrometer. MALDI-TOF mass recorded on a 
Thermobioanalysis Dynamo mass spectrometer. ESI-MS mass spectra were recorded on a 
Shimadzu LCMS-2010 mass spectrometer. (For details on the 1H NMR spectra of 3.5 and 3.7 
see Appendixes A and B.) 
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Scheme 6. Synthesis of the scaffold compound 3.3 and compound 3.17. 
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Synthesis of Compound 3.10. Compound 3.9 (5.00 g, 30.19 mmol) and para-
formaldehyde ((CH2O)n, 10.0 g, 316.1 mmol) were dissolved in 30 wt % HBr/AcOH (58 mL) 
solution and heated to 90 °C for 7 h, during which time crystals formed. The reaction mixture 
was then poured into ice water and extracted with CH2C12 (100 mL, 3x). The extract was 
washed with aqueous Na2CO3, dried (MgSO4) and evaporated to give a white solid (10.53 g, 
100% yield). The solid product (10.53 g, 30.25 mmol), (CH2O)n (4.78 g, 151.2 mmol) and KBr 
(18.02 g, 151.2 mmol) were dissolved in AcOH (31 mL) solution and heated to reflux at 110 
°C , at which time, a H2SO4/HOAc mixture (3:2, 11.8 mL) was added. The reaction was 
allowed to reflux for an additional 10 h. The solution was poured over ice, neutralized with 
aqueous Na2CO3 until pH = 5 and extracted with CH2C12 (100 mL, 3x). The extract was 
washed with aqueous Na2CO3, dried (MgSO4) and evaporated to give a white solid. The 
product was purified by recystallization from hexanes to give a white solid (11.0 g, 83%yield): 
1H NMR (300 MHz, CDC13,S) 4.58 (s, 6H), 2.95 (q, 6H, J= 7.5 Hz), 1.34 (t, 9H, J= 7.5 Hz). 
Synthesis of Compound 3.11. Compound 3.10 (2.07 g, 4.70 mmol) and NaN3 (1.40 g, 
21.2 mmol) were dissolved in DMPU (15 mL) in a 50 mL round bottom flask and heated to 80 
°C for 12 h in an oil bath. The reaction solution was extracted with CH2C12 (30 mL, 3x), 
washed with brine and H2O, dried (MgSO4), evaporated and purified by column 
chromatography over silica gel using hexanes/EtOAc (5:1) as the eluent to give a white solid 
(1.70 g, 99% yield): 1H NMR (300 MHz, CDC13, b) 4.49 (s, 6H), 2.85 (q, 6H, J= 7.5 Hz), 1.24 
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Synthesis of Compound 3.3. Compound 3.11 (1.06 g, 3.25 mmol) and PPh3 (5.77 g, 
21.8 mmol) were dissolved in THE (20 mL) in a 50 mL round bottom flask. H2O (0.60 mL) 
was added after 30 minutes stirring at r.t. The reaction mixture was then allowed to stir at r.t. 
for 8 h. The solvent was removed by rotary evaporation and to the resulting residue was added 
6 M HCl solution (15 mL). The organic layer was then removed and extracted with 6 M HCl 
(10 mL, 2x). A combination of the aqueous layers was neutralized by solid NaOH and the 
resulting basic solution was extracted with CH2C12 (50 mL, 3x). The extract was washed with 
brine, dried (MgSO4) and evaporated to give a white solid (0.59g, 73% yield): IH NMR (300 
MHz, CDC13, 8) 3.88 (s, 6H), 2.83 (q, 6H, .I = 7.5 Hz), 1.24 (t, 9H, J= 7.5 Hz). 
Synthesis of Compound 3.13. Compound 3.12 (10.25g, 68.3 mmol) was dissolved in 
McOH (100 mL) containing a few drops of concentrated H2SO4 in a 250 mL round bottom 
flask and heated to reflux for 10 h in an oil bath. The reaction solution was partly evaporated, 
poured over ice (10 g) and extracted with Et2O (50 mL, 3x). The extract was then washed 
with aqueous Na2CO3, dried (MgSO4) and evaporated to give a colorless liquid (10.76 g, 
96% yield): 1H NMR (300 MHz, CDC13,S) 7.66 (s, 2H), 7.19 (s, 1H), 3.90 (s, 3H), 2.36 (s, 
6H). 
Synthesis of Compound 3.14. Compound 3.13 (9.25 g, 56.4 mmol), NBS (20.26 g, 
112.72 mmol), Bz2O2 (274 mg, 1.13 mmol) were dissolved in CC14 (85 mL) in a 150 mL round 
bottom flask and heated to reflux for 3 h in an oil bath. During which time, precipitation 
occurred. The precipitate was filtered off, and washed with hot CC14. The combined solution 
was then washed with H2O (20 mL, 2x), dried (MgSO4) and evaporated. The crude product 
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was suspended in hot hexanes and crystallized overnight in fridge to give 12.75 g of white 
crystals. The crystals (12.11 g, 37.6 mmol) and NaN3 (9.88 g, 150.5 mmol) were then 
dissolved in 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU, 100 mL) in a 250 
mL round bottom flask and heated to 70 °C for 12 h in an oil bath. The reaction solution was 
extracted with EtOAc (100 mL, 3x), dried (MgSO4) and evaporated. The reaction mixture was 
purified by column chromatography over silica gel using hexanes/EtOAc (5:1) as the eluent to 
give white solid (5.97 g, 65% yield, two steps): 1H NMR (300 MHz, CDC13, S) 7.97 (s, 2H), 
7.26 (s, 1H), 4.44 (s, 4H), 3.95 (s, 3H). 
Synthesis of Compound 3.15. Compound 3.14 (0.51 g, 2.08 mmol) was dissolved in 
THE (7 mL) in a 25 mL round bottom flask. PPh3 (1.33 g, 5.00 mmol) was added and the 
reaction mixture was stirred at r.t. H2O (0.13 mL, 6.93 mmol) was then added after 30 min. 
The reaction mixture was then allowed to stir at r.t. overnight. The precipitate was filtered off 
and 2 M HCl solution (20.8 mL) was added to the solution. The solution was washed with 
ether (20 mL, 2x) and the aqueous layer was separated and evaporated to give 0.52 g of a white 
solid. The crude product was purified by recrystallization from a McOH/Et2O mixture to give a 
white solid (0.31 g, 55%yield, 2 steps): 1H NMR (300 MHz, CD3OD, b) 7.99 (s, 2H), 7.61 (s, 
1H), 4.14 (s, 4H), 3.81 (s, 3H). 
Synthesis of Compound 3.17. A solution of Compound 3.15 (277 mg, 1.0 mmol) and 
N,N-diisopropylethylamine (DIPEA, 0.55 mL, 3.0 mmol) in DMF (10 mL) were added 
compound 3.16 (1.20 g, 2.4 mmol) and stirred under N2 gas at 60 °C for 12 h. DMF was 
removed by rotary evaporation and the residue was poured into CH3CN (25 mL). The 
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precipitate formed was filtered, washed with CH3CN and purified by column chromatography 
over silica gel using CHCl3/MeOH/H2O (5 :1:0.1) as the eluent to give a white solid (0.52 g, 
50% yield): 1H NMR (400 MHz, d6-DMSO, ~) 8.38 (t, 2H, J = 6.0 Hz), 7.68 (s, 2H), 7.34 (s, 
1 H), 4.30 (d, 2H, J = 4.4 Hz), 4.25 (d, 4H, J = 5.6 Hz), 4.09 (d, 2H, J = 3.2 Hz), 4.00 (d, 2H, J 
= 3.2 Hz), 3.81 (s, CO2CH3, 3H), 3.75 (s, 2H), 3.58(s, 2H), 3.22-3.09 (m, 2H), 2.30-1.85 
(series of m, 12H), 1.84-1.51 (series of m, 14H), 1.49-0.70 (series of m, 34H), 0.53 (s, 6H); 13C 
NMR (75 MHz, CD3OD, b) 175.5, 167.0, 140.1, 131.5, 130.7, 127.2, 72.8, 71.7, 67.9, 54.7, 
51.6, 46.9, 46.3, 42.5, 42.0, 41.8, 40.0, 39.3, 35.7, 35.3, 34.7, 33.0, 32.2, 30.0, 28.4, 27.6, 26.7, 
25.1, 23.1, 22.1, 18.2, 16.6, 11.9; MALDI-TOF MS (m/z): [M + Na]+ calcd for 
CSgH90N2NaOlo, 998.33; found, 997.82; [M + K]+ calcd for C58H90N2KOlo, 1014.44; found, 
1014.06. 1 M LiOH (5.0 mL, 5.13 mmol) was added to the product (500 mg, 0.51 mmol) in 
McOH (15 mL) and stirred under N2 gas at r.t. for 10 h. The McOH was removed by rotary 
evaporation and a 6 M HC1 solution was added to the residue until pH = 3. The resulting 
mixture was poured into CH3CN (25 mL). The precipitate was filtered, washed with CH3CN, 
and dried under vacuum to give a white solid (480 mg, 95% yield): 1H NMR (300 MHz, 
CD3OD, 8) 7.86 (s, 2H), 7.44 (s, 1H), 4.40 (d, 4H, J = 2.4 Hz), 3.94 (s, 2H), 3.79 (d, 2H, J = 
2.4 Hz), 3.40-3.34 (m, 2H), 2.30-0.70 (series of m, 62H), 0.67 (s, 6H). 
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Scheme 7. Synthesis of the environmentally responsive molecular basket 3.5. 
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Synthesis of Compound 3.5. Compound 3.17 (234 mg, 0.24 mmol), compound 3.3 (20 
mg, 0.08 mmol), N,N-Diisopropylethylamine (DIPEA, 0.07 mL, 0.40 mmol) and benzotriazol- 
1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP, 143 mg, 0.314 mmol) in 
DMF (SmL) was stirred under N2 gas at 60 °C for 24 h. DMF was removed by rotary 
evaporation and the residue was poured into CH3CN (15 mL). The precipitate formed was 
filtered, washed with CH3CN and purified by column chromatography over silica gel using 
CHC13/MeOH/Et3N (5:1:0.1) as the eluent to give a white solid (125 mg, 50% yield): 1H NMR 
(300 MHz, d6-DMSO, 8) 8.29 (t, 9H, J = 4.8 Hz), 7.60 (s, 6H), 7.18 (s, 3H), 4.52 (s, 6H), 4.32 
(d, 6H, J = 4.0 Hz), 4.20 (s, 12H), 4.09 (d, 6H, J = 4.4 Hz), 4.00 (d, 6H, J = 2.8 Hz), 3.75 (s, 
6H), 3.58 (s, 6H), 3.22-3.09 (m, 6H), 2.30-1.85 (m, 36H), 1.84-1.51 (m, 42H), 1.49-0.70 (m, 
102H), 0.54 (s, 18H); 13C NMR (75 MHz, CD30D, b) 175.5, 168.6, 144.7, 139.7, 134.7, 
131.4, 130.3, 125.6, 124.2, 73.0, 71.7, 69.2, 46.9, 46.6, 46. 5, 43.0, 41.8, 39.7, 39.3, 35.7, 34.9, 
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33.1, 32.0, 30.1, 28.4, 27.7, 26.6, 23.3, 22.5, 17.1, 16.2, 12.4, 8.8; MALDI-TOF MS (m/z): [M 
+ Na] + calcd for C1g6H2g5N9Na027, 3102.29; found, 3102.35. 
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Synthesis of Compound 3.19. To a flame-dried and N2-flushed three neck 50 mL 
round bottom flask, compound 3.18 (5.53 g, 20.9 mmol) in THE (10 mL) was added by a 
syringe. The mixture was stirred at -78 °C, at which time 2.2 M n-BuLi (14.27 mL, 31.4 mmol) 
was slowly added by a syringe under N2 flow. Two h later, B(OMe)3 (9.3 mL, 83.6 mmol) was 
slowly added by a syringe at -78 °C. The reaction temperature was raised to r.t. after 15 
minutes and kept stirring for 5 h before 6M HC1 (10.45 mL, 62.7 mmol) was added at 0 °C. 
The temperature was raised to r.t. and kept for 1 h. The solvent was then removed by rotary 
evaporation. The residue was extracted with EtOAc (30 mL, 3x), washed with brine, dried 
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(MgSO4) and concentrated to give a solid (3.0 g, 96% yield): 1H NMR (300 MHz, CDC13, b) 
10.01 (s, 1 H), 8.40 (s, 1 H), 8.18 (dt, 1 H, J = 1.2, 7.5 Hz), 7.97 (dt, 1 H, J = 1.2, 7.5 Hz), 7.5 9 (t, 
1H, J = 7.5 Hz); 13C NMR (75 MHz, acetone-d6, S) 205.8, 192.7, 140.2, 136.3, 135.7, 131.2, 
128.5. 
Synthesis of Compound 3.8. Pd(PPh3)4 (128 mg, 0.11 mmol) was dissolved in 
dimethyl ethylene glycol ether (DME, 12 mL) and compound 3.19 (486 mg, 3.33 mmol) and 
tribromobenzene (211 mg, 0.67 mmol) were added. A 2 M K2CO3 aqueous solution (3.7 mL, 
7.4 mmol) was then added. The solution was heated to 90 °C for 48 h, during which time 
H2O/toluene/DME was added in small amounts to keep a clear solution. The solvent was then 
removed by rotary evaporation and extracted with EtOAc (30 mL, 3x) and CH2Cl2 (30 mL, 
3x). The solution was concentrated and a solid precipitated from hexanes/EtOAc (2:1). The 
solution was filtered to afford a white solid. The remaining solution was concentrated and 
purified by column chromatography over silica gel using CH2Cl2/EtOAc (2:1) as the eluent to 
give a white solid. The white solids from precipitation and column purification were 205 mg 
(50% yield): 1H NMR (300 MHz, CDCl3, b) 10.14 (s, 3H), 8.23 (s, 3H), 7.99 (d, 3H, J = 7.8 
Hz), 7.94 (d, 3H, J = 7.2 Hz), 7.89 (s, 3H), 7.70 (t, 3H, J = 7.5 Hz); 13C NMR (75 MHz, 
CD3OD, 8) 194.0, 141.4, 141.3, 137.6, 134.0, 130.5, 129.7, 128.8, 125.9; ESI- MS (m/z): [M + 
H] + calcd for C27H19O3, 391.44; found, 392. 
Synthesis of Compound 3.4. Compound 3.8 (180 mg, 0.43 mmol), NaBH3CN (126 
mg, 1.9 mmol) and NH4OAc (1.46 g, 19 mmol) was dissolved in McOH/THF (1:1, 8 mL). The 
reaction mixture was then allowed to reflux for 24 h. The solvent was removed and the crude 
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product was purified by column chromatography over silica gel using CH2C12/EtOAc (l : l) to 
wash out impurities and CH2C12/MeOH/Et3N (4:1:0.1) as the eluent to give a white solid (120 
mg, 70% yield): 'H NMR (300 MHz, CD3OD, 8) 7.80 (s, 3H), 7.71 (s, 3H), 7.64 (d, 3H, J = 
7.5 Hz), 7.49 (t, 3H, J= 7.6 Hz), 7.40 (d, 3H, J= 7.8 Hz), 4.81 (s, 6H). 
Synthesis of Compound 3.6 Compound 3.4 (20 mg, 0.05 mmol), chlic acid (3.1; 96 
mg, 0.23 mmol), DIPEA (0.43 mL, 0.44 mmol) and BOP (115 mg, 0.25 mmol) in DMF (5 mL) 
were stirred under N2 gas at 60 °C for 24 h. The DMF was removed by rotary evaporation and 
the residue was poured into CH3CN (15 mL). The precipitate formed was filtered, washed with 
CH3CN, and purified by column chromatography over silica gel using 
CH2C12/CHC13/MeOH/HOAc (4:4:1:0.1) as the eluent to give a white solid (65 mg) and further 
purified by prep TLC using CH2C12/CHC13/MeOH/HOAc as the developing solvent (2:2:1:0.1) 
to give a white solid (41 mg, 50% yield): 1H NMR (300 MHz, d6-DMSO, 8) 7.88 (s, 3H), 7.83 
(s, 3H), 7.81 (d, 3H, J = 7.2 Hz), 7.49 (t, 3H, J = 7.4 Hz), 7.39 (d, 3H, J = 7.6 Hz), 5.17 (d, 6H, 
J = 3.6 Hz), 4.31 (s, 3H), 4.07 (d, 3H, J = 3.2 Hz), 4.95 (d, 3H, J = 2.4 Hz), 3.70 (s, 3H), 
3.50(s, 3H), 3.22-0.95 (series of m, 69H), 0.94-0.65 (m, 27H), 0.43 (s, 9H); 13C NMR (75 
MHz, CD3OD, S) 174.8, 142.5, 142.3, 141.4, 137.0, 129.3, 127.8, 127.3, 125.3, 73.1, 71.7, 
68.2, 63.4, 47.1, 46.4, 41.7, 39.5, 39.2, 35.4, 34.8, 34.6, 31.5, 31.2, 31.1, 30.0, 29.8, 28.3, 27.6, 
26.5, 23.2, 22.4, 17.0, 12.4; MALDI-TOF MS (m/z): [M + Na]+ calcd for C99I-I141N3NaO12, 
1588.19; found, 1588.0. 
63 
3.4. Conclusions 
Molecular baskets were synthesized and studied by IH NMR spectroscopy. 
Compound 3.5 can form areversed-micelle-like basket which could enrich DMSO in the 
cavity from nonpolar solvent mixtures. Its conformation changes can be controlled by tuning 
the polarity of the solvent. 1H NMR spectroscopy studies clearly indicate that DMSO-
enrichment by cholates is a cooperative phenomenon and all six cholates work together to 
enrich DMSO. Compound 3.6, on the other hand, has poor DMSO-enrichment and does not 
form basket conformation easily. 
When several molecular baskets (3.5 and 3.6) are compared, it becomes clear that the 
length and rigidity of the spacers have important effects on the formation of the reversed-
micelle-like conformers. In order to form well organized molecular baskets, polar groups can 
be introduced on the a-face of cholic acid to increase the amphiphilicity of the cholate. 
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APPENDIX A. 1H NMR (400 MHz) spectra of compound 3.5 in different ratios of 
DMSO-d6/CCl4 at ambient temperature. 
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APPENDIX B. 1H NMR (400 MHz) spectra of compound 3.7 in different ratios of 
DMSO-d6/CC14 at ambient temperature. 
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